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PURPOSE:To provide a method for forming a barrier metal layer having low contact resistance and 
excellent in coverage and intimate contact with an insulation layer at a higher grow rate as compared 
with conventional technology. 

CONSTITUTION:When a barrier metal layer composing the wiring in a semiconductor device is formed, 
the lower layer 20A of a first barrier metal layer is formed by CVD using first material gas containing a 
metal element composing the barrier metal layer. Subsequently, the upper layer 20B of first barrier metal 
layer is formed by CVD using the first material gas and a second material gas containing an element 
reacting on the metal element to produce a compound while increasing the volumetric ratio of the 
second material gas to the first material gas from zero to a predetermined value. A second barrier metal 
layer 22 is then formed on the first barrier metal layer by CVD while increasing the volumetric ratio 
above the predetermined value. 
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2. 8 kW 

T i C 1 4 = 2 0 seem 
N 2 = 8 seem 
CH 4 = 1 Osccm 
0 2 = 5 seem 
H 2 = 2 6 seem 

0. 13Pa (9. 6X1 0~ 4 T 



[0 0 4 6] (J 



84 2 0° C 
2. 8 kW 

13) mmmiRrsmmm2\z^ 

Ttt, A* U 7 / ^ il/I Si^ct I, ^1 ^ L Tf ^ > (T 
i) SJBt^fc. *MMm3 K*^Ttt, rtV7*2)VM* 
MtS^ITOi LTA7^^A (Hf) SrfflV^. 

7>^7hCVDffif:TMt^o EJHF> *«50«3 0>A 
U7^^;HKojgjgfi^ffiSR^T*. 
[0 0 4 7 ] [IS— 3 0 0] 5M\ «Atfa»©*tt 

.htC, CVDfe*04ia©55rftT?,' MAtf S i O,*^ 

^-f :/ • 'f *> ■ Xy^>^ (R I E) SWSffl^TH 
□ aB*«J5E^S. ^©ISH *J£#U<£> [XS-10 

o] tB«tn:tOTts. 

[0 0 4 8] [IS- 3 1 0] &\Z, *»fl(DAU7/ 
^;H(5»l**SI:±oT, 4#©SS*«5nmOSl 
©AiJ7>^;HS»B!ct4. a3l:SUfcECRX7 
X7CVD8I^fflUT, AU7^^JH^tl)i 
JStc^ (Hf) S^WTSSl^lH^X (HfOCl 
2) Sffl^TSl <£AU7;**;UJi<7)T/f £ECR>^ 



(7 ) 



7-66143 



11 

XTCVDSf:TM1*^, ECR3/7X7CVDCi: 



12 



HfOC 1 2 = 1 Osccm 
H 2 /A r = 5 0/4 Osccm 
0. 13Pa (9. 6X1 (T 4 T 

$54 0 0° C 
2. 8 kW 
1 0# 

(o-t-c<H 9 ) <&m^z>zth 



% i oimtfx 

orr) 

[0 0 4 9] ^ 
CDf^toO^, H f 

T£3 e HfOChMHf (0-t-C 4 H 9 ) 

fomm-T?$>z>o -tnsfc, Hfoch^x, Hf (o- 
t-c<H 9 ) i&T)\su-)\,^<DmmizmfrLrc&. h 

[0 0 5 0] [11- 3 2 0] ^Mtc^ (H 

f) t<Dlt&m (Hf B x ) ££/£U#£tc* (B) S 

2 (Bci.sr*) &tfssi<DiR 

mfiX (HfOCh) jap. ^2©IWX 

s/sg i *«<d»j^«: o fr*>ffife<Dm&& th 

»P gll (DA f U7^^;HO±i^ECR^ 

7X7CVDffil:t«fSo »1<Z)W»^X«&— « 
tcLT, *2<ORft^tft0*6 1. 5 seem* Tift* 



mi 

fg2CDj[gm;tfX 
orr) 



HfOC 1 2 = 1 Osccm 
B C 1 3 = 0 ~ 1 . 5 seem 
H 2 / A r = 3 0/5 0 seem 
0. 13Pa (9. 6X10' 



86 5 0° C 
2. 8 kW.. 
6 0# 

Si, i2(Dg^XtLT, BCl^toDC, BB 
r 3 $> £ B, H 8 ^§ £ £ fcT$£o 
[0 0 5 1 ] cntCioT, ^tCH f^?,«il0A 

*;WB<D±«^K:tta* (N) j!)l*l:tsn«§. 

[0 0 5 2] il^U7^^HOTPl HfW 
^b#t/£$nT^£CDT% TiffiT££S i Oirt*e>J5£5 

m±#&H f <0*^6*fi!ET*»^iib«L/T, SSI© 
A* U 7* *;Wl£TJI/±Jf SflfUTS £ t\z<k o 
T> »l'<DAU7^^^Ji<OJ«l»a«*ttI 0 0%»1W 
^it^>^i:7itT^fco 
[0 0 5 3] [IS- 3 3 0] 5l#ltt*, » 2 

1 <DJK»;tf**<0»|^£, [XI- 3 2 0] 
*W"SHIfScDfiJ'&J: 0 feiiS0$1i-fciK8iT, HfB 
i (0<X^2) *>SfilSS*2©Ay7'*^;WiS*l 



20 



40 



»2O/tU7^^H©J?3*5 0nmi:Ut o ECR 
X7XvcVDl;il»i20A*»J7^^HW^# 



ft i <&«»#x 

* 2 
orr) 



HfOC 1 2 = 1 Osccm 

B C 1 3 = 3 Osccm 

H 2 / A r = 3 0/5 Osccm 

0. 1 3 P a (9. 6 x 1 0" 4 T 



io 



86 5 0° C 
2. 8 kW 

[0 0 5 4] [IS- 3 4 0] #^T, ^>i/X^>y 
7>try hC VDffilCT, i2(DA'J7^^JH±[:^ 

IBj»*±(Z)&JRiEj»«»jiMlXk:» 2 l ©a 
U7/^JH*iSLT, BflPa$rtK*>yx^>A>e> 

tJSlIW:! 2 & ai i cd A y 7/ ^ ;m SrSKM^ 
zf^tf) £giu ty*— ;i^*»jsrt-5. c:ns<oia 

tt*«fim<B [11-14 0] tra«tT4Ct*«T* 

[0 0 5 5 ] A + U7^^;Ug*^^T^^iStUTH f 
(Dftt>^:y;^z^A (Zr) 4ffl^S^td<Tt 

HiS0iJ3co [Ig-3 10], [It- 
3 2 0] IBlZS 3 3 0] Ic^t-SECR^XT 

cvD©ftfr*aTl:M«t5*m:l*lftAhtfct 
30 (*lcoytU7^^;wi<©TJi©»*) 



K 1 OJg^^x 
T/Pirx#X 

orr) 

i&mmm 



Z r C 1 4 = 1 0 seem 

H 2 / A r = 5 0 / 4 0 seem 

0. 13Pa (9. 6X10" 

154 0 0" C 
2. 8 kW 
1 0# 



m i 

^2^4^ 
yp-trxtfx 

orr) 



50 



Z r C 1 4 = 1 0 seem 
BC 1 3 = 0 — 1 . 5 seem 
H 2 /Ar = 3 0/5 Osccm 
0. 13Pa (9. 6X10" 



86 5 0' C 
2. 8 kW 
6 0©? 

(^2 0/\ f U7^^H (ZrB„, 0<X^2) ) <D 

mm) 

% 1 (DMWJTs : Z r C 1 4 = 1 0 seem 
m2<Dmn%X :. BCl 3 = 3 0sccm 



( 8 ) 



7-66143 



13 



14 



yPirX**^ : H 2 /A r = 3 0/5 Osccm 

: 0. 1 3 P a (9. 6 X 1 O -4 T 

orr) 

igg : 196 5 0° C 

v<^p&tti^ : 2. 8kW 
[0 0 5 6 ] mi (OmXWJTs t IT, Z r C 1 4 <D{Xfr 
D\Z, ZrCUSffl^ifbt**. ZrChW 

z r c \ i temftmn-?&z>o tn&c, cnes*!:*. 

f£^T£ 0 *ifc, fg2cDJji»;tfX<hbT> BCWft' 10 
t>K>\Z, BB r,*Sl>ttB,H,*ffl^S.Clfct>"C* 

[0 0 5 7 ] J£A±, *«SW»c:»^€r, *»W<OAU7^ 

Zf^>trv hCVDi£<DiXt>Q\Z, Mo, Tu Ni, 
Co, Al, Cu«, »*W4, W, Mo, TUN 

CO 0 5 8 ] #*J(||ffi|lC43^Ttt, 19(^ECR77X 
V C V D g£B l^T* 1 IkUm 2 (DA* U T * ? )VM S 

i (Dj&mT-^ >/m&n 2 <Df&m^^yn^m?itz 

«£\ WAtf, ^lc^^^^>y^^T^lC0A + U7^ 
f£2(D/&JIg5^>AK:JgAU *2CD^m^^>/XlCT 

SB 2 on u y * * £ ^/sr -5 - 1 a* t * 5 . 

[0 0 5 9] IKIt 7 > 7>y7bCVDfi0tol9 
tC, MA 1 , l^te, A 1 - 1 % S i , Al-Si- 
Cu, Al-Cu, A 1 -Ge^COTJRr^A^^; 
ffi/Hbfc, F/rSi, ffl7J!/^z^7A7A7^ffi^7J^ 
- O A U 37 P— ffifCT^ 9 i/Sr^-T & £ £ t> nf 

84oo° cet±«tt^uJiT*-c*n»ftsn*. 

[0060] mimfm2<nrtV7 )vm*miiL\sit 
MQ*m<E>-f\zmmi>Tm<D^^>^~cA 1 - 1 % 

^cfli/N 0, 7— DC 10 kW 

X/^yPJEtl 0. 4Pa 50 



smu^um 5 o o ° c 

yP-tX^/T; A r : 1 0 0 seem 
^EflgiiS 0. 3-0. 9/im/» 

[0 0 6 1 ] $>3W2X, »lRIf1R2<D/V)7*#)V 

TAl-l%Si ~^A^:&£, 

yp-feX^f^ : Ar=l 0 Osccm 
DC/W- : 2 0kW 
X^y^JEtl : 0. 4Pa 

mmm^& : i 5 o° c 
&mmm 1200 nm/# 



5 0 o° c 

A r = 1 0 Osccm 
1 . 1 x 1 0 3 P a 

[0 0 6 2] «mit S i 0:fcttTft:<, PSG, 
BSG, BPSG, AsSG, PbSG, SbSG, > 
'J3>gm Si ON, SOG, SiON^MS 
nit^T*, ffi*©CVDft"(f»/i!St5e:i^T* 

[0 0 6 3 ] WMSMi:a>^^ b*-;i/ 
T«d6SnfcT)iEi»Ji£±JBE*H*«a«lt»«r 
[0 0 6 4] #38WOS 1 ©A'J 7^^ns»«n 

[0 0 6 5] 

I *ffi«tt(D*^7 r P-t:^T*Sttk<«ift"r*c:4:*« 



( 9 



15 



#M¥7 - 6 6 14 3 
16 



[0 2] *«w©AU7y^;uji«)»j«*ffiK:«toT»- 

[El 3] ^^©^iSlcMUfeECR^XTCVDg 

[04] ^7>iryKCVDffi*Rlfit5fc»©, 

[0 5] itSiaTJU'Sr.^A^Ay^^SrUlWTSfc* 
©, ¥##*^©*5W9&-«»rB5BlT?**. 10 

1 0 

i 4 mmm 

1 6 IMjOSB 

2 OA ^loniJT^^JHOTI 
2 OB IlCA'UT^^iUCH 
2 2 IS2©A'U7^;UI 



2 4 &JR£|ft*mj| 
2 6 

2 8 ±Jf IS^/i 

5 0 fijcUfF^A* 

5 2 -y-fe^ 

5 4 yyzftm^m 

5 6 tfXjfc^gB 

6 0 ^7XT?t>A' 

6 2 -^-f^a^rnxm 

6 6 U^>^j.-7-£X-f K 

6 4 )l 
68 RF MM 

7 0 mi ©tfXHIASB 

7 2. 7 4 12, *3 0^tAf 

7 6 ya-feX^fXSAgR 

8 0 tfXMlAP 
1 0 0 

10 2 zf^X-rffi 



[01] 

i e 



(A) 



i 



I 1 



1 



■14 

-to 



1 2 



( B) 



20B 



22 




( C) 




[B2] 



(A) 





(so int. ci. 6 mm^ irftmmmn fi mmt*mm 

HO 1 L 21/3065 
21/3205 
21/768 

HO 1 L 21/88 R 
21/90 C 



